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ABSTRACT 
Electron microscope observations of thin sections of epoxy resin-embedded poste- 
rior  silk  gland  cells  at  the  later  stage  of the  fifth  instar  revealed  that  the  Golgi 
vacuoles  and  the  secretory granules  (fibroin  globules)  in  the  cytoplasm  and the 
glandular  lumen  contain  fine  fibrous  materials.  In  frozen  thin  sections  these 
structures  appear  as  electron-dense  granules  and  electron-dense  blocks,  or  a 
column, respectively.  Immunoelectron  microscopy has  shown that  ferritin  parti- 
cles or products of the peroxidase reaction are localized on these structures. It was 
concluded  that the  fine fibrous materials  most probably represent  native  fibroin 
molecules or their aggregates. 
The  posterior  silk  gland  cells  of  the  silkworm 
Bombyx  mori  synthesize  exclusively a  single  ex- 
portable protein, fibroin, in the later stage of the 
fifth instar (26, 27). Electron microscope studies 
(3, 26) suggested that fibroin is synthesized on the 
ribosomes attached to the endoplasmic reticulum 
membrane,  accumulates  in  the  intracisternal 
space, and is transported via Golgi vesicles to the 
Golgi vacuoles.  Mature  Golgi vacuoles leave the 
Golgi  region  as  secretory  granules  of fibroin  or 
fibroin globules (3),  and these  granules accumu- 
late in the apical cytoplasm and finally are secreted 
into the glandular lumen. 
The intracisternal  space of the rough endoplas- 
mic  reticulum  (ER),  the  Golgi vacuoles,  the  fi- 
broin  globules,  and  the  luminal  space,  where  fi- 
broin presumably accumulates, are electron-trans- 
parent except for a small amount of fibrous mate- 
rials  (26).  This  led to the  suggestion either that 
fibroin cannot be fixed with conventional fixatives 
(glutaraldehyde and osmium tetroxide) and there- 
fore is lost during the subsequent  procedures for 
electron  microscopy, or that  fibroin  is preserved 
by fixation but cannot be visualized because of the 
lack of affinity of fibroin for heavy metals such as 
osmium, uranium~ and lead (26). 
We first  attempted  to visualize  fibroin  in con- 
ventional ultrathin sections of epoxy resin-embed- 
ded materials as well  as in frozen thin sections of 
the fresh posterior silk gland. Electron microscope 
observations of conventional ultrathin sections re- 
vealed  that  under  proper  conditions  the  Golgi 
vacuoles and fibroin globules in the cytoplasm and 
the  newly  discharged  materials  and  the  central 
fibroin column in the glandular lumen are exclu- 
sively composed of fine fibrous materials, whereas 
in  frozen  thin  sections  the  Golgi  vacuoles  and 
fibroin  globules contain electron-dense  granules, 
and the newly discharged materials and the central 
fibroin  column appear as an  electron-dense  sub- 
stance. 
In  order  to  determine  whether  or  not  these 
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dase-labeled  antibodies  against  fibroin  were  ap- 
plied to the frozen ultrathin sections. Ferritin par- 
ticles or  the  products  of the  peroxidase  reaction 
are  localized  on  the  newly  discharged  materials, 
on the central column in the glandular lumen, and 
on the fibroin globules in the cytoplasm. 
MATERIALS  AND  METHODS 
Silkworm 
The strain of silkworms used is a  hybrid of Shunrei 
and ShOgetsu.  The fifth instar larvae were cultivated as 
described previously (26). 
Fibroin,  Ferritin,  Peroxidase, 
Immunoglobulins  (IgG), and Iodination 
of Fibroin  and IgG 
Fibroin  was  prepared  according to  the  method  de- 
scribed previously (27).  Horse  spleen ferritin was pre- 
pared by Granick's method (7). Horseradish peroxidase 
type  II  was  purchased from  Sigma Chemical  Co.,  St. 
Louis,  Mo.  Rabbit Fab fragment was prepared by the 
method  of  Porter  (23).  Rabbit  antiserum  to  fibroin, 
rabbit antiserum to ferritin, and sheep antiserum to rab- 
bit Fab were produced by four weekly injections of 5 mg, 
3 mg, and 100 mg of each antigen in Freund's complete 
adjuvant (Difco Laboratories Inc., Detroit, Mich.), re- 
spectively. 
Rabbit and sheep IgG were prepared by precipitation 
with  33%  saturation of ammonium  sulfate.  Antibody 
activity of each IgG solution was checked by the double 
immunodiffusion technique of Ouchterlony (20). Rabbit 
IgG to fibroin, sheep IgG to rabbit Fab, and rabbit IgG 
to ferritin each formed a single precipitation band against 
the corresponding antigen. 
Rabbit specific  antibody to  fibroin was  isolated  ac- 
cording to the following sequence of steps: (a) prepara- 
tion of a  water-insoluble fibroin immunoabsorbent by 
using ethanol and acetic acid as the insolubilizing agents; 
(b) adsorption from whole rabbit antiserum of the rabbit 
antibody to fibroin; (c) elution of the adsorbed antibody 
with 3 M NaSCN. Recovery of the antibody from 20 ml 
of the antiserum was -30 mg. The activity of the isolated 
antibody was also determined by the double immunodif- 
fusion technique. 
~3q_ or ~2'~I-labeled  fibroin and IgG were prepared by 
the  Chloramine T  method  (8) and fractionated by gel 
filtration on a Sephadex G25 column. One fibroin mole- 
cule  has  -250  tyrosine  residues  (14).  The  iodinated 
fibroin was calculated to contain  ~33  atoms of iodine 
per molecule and was immunologically identical with the 
unlabeled fibroin. 
Preparation  of Conjugates 
Ferritin-conjugated rabbit IgG  to  fibroin and  sheep 
IgG  to  rabbit  Fab  fragment  were  prepared  by  the 
method of Schick and Singer (24) and fractionated by gel 
chromatography on Bio-Gel A, 1.5 M (Bio-Rad Labora- 
tories, Richmond, Calif.) as described previously (18). 
The antibody activity of the conjugates was determined 
by sucrose density gradient centrifugation with radioac- 
tive iodine-labeled fibroin and rabbit IgG as the antigen 
(18). 
Peroxidase was conjugated to the rabbit Fab fragment 
to fibroin with sodium periodate as reported by Nakane 
and  Kawaoi  (19),  and the  peroxidase  Fab conjugates 
were fractionated by gel chromatography on Sephadex 
G100 (Pharmacia, Uppsala,  Sweden).  Fluorescein iso- 
thiocyanate  (Sigma)  was  conjugated  to  sheep  IgG  to 
rabbit Fab fragment by the method of Marshall et al. 
(15), and the conjugates were purified by gel filtration 
on a Sephadex G25 column. 
Immuno  fluorescence Microscopy 
The posterior silk gland was fixed for 1 h with either 
0.5% glutaraldehyde or 4% paraformaldehyde in 0.2 M 
cacodylate buffer, pH  7.3,  containing 0.25  M  sucrose, 
dehydrated with alcohol, and then embedded in paraffin. 
An indirect technique was applied to the paraffin sec- 
tions previously de-embedded with xylene. 
Conventional Electron Microscopy 
An attempt was made to visualize fibroin filaments in 
thin  sections  of  conventional  epoxy  resin-embedded 
specimens. For this purpose the glands were fixed for 1 h 
in the cold with various fixatives: 6.25% glutaraldehyde 
in  0.1  M  Na  cacodylate  buffer,  pH  7.3,  followed  by 
postfixation with  1%  OsO4  in the  same  buffer; 2.5% 
glutaraldehyde either in 0.05  M, 0.1  M, or 0.2 M  Na 
cacodylate buffer, pH 7.3, or in 0.05 M, 0.1 M, or 0.2 M 
K  phosphate buffer, pH 7.3, all in the presence or the 
absence of 0.25 M sucrose (12 cases), followed by post- 
fixation for  1  h  with  1%  OsO4  in  the  corresponding 
buffer: fixation with a  mixture of 2.5%  glutaraldehyde 
and  1%  OsO4  (final concentration) in Veronal-acetate 
buffer, pH 7.4, containing 0.15 M sucrose (12); glutaral- 
dehyde-tannic acid fixation according to Mizuhira and 
Futaesaku (17), etc. 
After fixation, the tissue blocks were dehydrated with 
ethanol and embedded in Epon 812 in the usual manner. 
After ultrathin sectioning with a Porter-Blum MT-2 ul- 
tramicrotome, the specimens were usually stained with 
uranyl  acetate  and  lead  citrate  and  observed  under a 
Hitachi HU-12  electron microscope  at an accelerating 
voltage of 100 kV. 
Effect of Fixative on the 
Antigenicity of Fibroin 
In order that frozen ultrathin sections be made suita- 
ble for electron microscopy, tissue should be fixed be- 
forehand. The effect of glutaraldehyde solution on the 
antigenicity of fibroin was  therefore  examined  by the 
procedures of Solmon et al. (25). As the antigenicity of 
fibroin decreased by 18% and 37% after fixation for 1 h 
with 0.5%  and  1.0%  cold glutaraldehyde solution, re- 
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used for all frozen ultrathin sectioning and immunoelec- 
tron microscopy. 
Frozen  Ultrathin Sectioning  and 
Immunoelectron Microscopy on 
the Sections 
Posterior silk glands of the silkworm Bombyx mori in 
the fifth larval instar were fixed for 1 h at 4~  with 0.5% 
glutaraldehyde in 0.2 M  Na cacodylate buffer, pH 7.4, 
containing 0.25  M  sucrose. After washing in the same 
buffer,  the  frozen  ultrathin sectioning was  carried  out 
according to the method of Christensen (6). Some of the 
sections were dried and observed without any counter- 
staining,  while other  sections were  transferred onto a 
drop of 0.3 M K phosphate buffer, pH 7.3, for immuno- 
cytochemical staining. 
Recently, Painter et al. (21) have devised a  method 
for intracellular localization of antigens on frozen  thin 
sections. This method was used for localization of fibroin 
in the posterior silk gland cells.  For direct and indirect 
ferritin  antibody techniques,  ferritin-conjugated rabbit 
IgG to fibroin and ferritin-conjugated sheep IgG to rab- 
bit Fab fragments were  used, respectively. In order to 
avoid loss  of antibody activity by the coupling reaction 
with ferritin, a bridge method which is similar to the IgG- 
enzyme bridge  method reported  by Mason et al.  (16) 
was also used. 
Leduc et al. (13) have reported an immunoperoxidase 
method for intracellular localization of antigens on fro- 
zen thin sections. This method was used herein for locali- 
zation of fibroin on frozen thin sections of the posterior 
silk gland. 
Quantitative  Analysis of lgG Bound 
to the Sections on the Grids 
The grids with frozen ultrathin sections were floated 
on a drop of 4% bovine serum albumin (Sigma Chemical 
Co.,  St. Louis, Mo.) in 0.3 M K phosphate buffer, pH 
7.3, for 15 min at -20~  After washing with the same 
phosphate buffer, the grids were transferred onto a drop 
of a  mixture containing a  0.3%  solution of l'~lI-labeled 
rabbit IgG to fibroin and a 0.3% solution of ~Z'~l-labeled 
normal rabbit IgG in 0.05  M  K  phosphate buffer, pH 
7.5. After incubating for 30 min, the grids were washed 
well  with 0.3  M  K  phosphate buffer, pH  7.3,  and the 
radioactivity was counted with a  two-channel well-type 
scintillation counter.  The  ratio  of the  amount  of  IgG 
specifically  bound to the thin section to the amount of 
the IgG nonspecifically bound to the same section was 
calculated. 
RESULTS 
Electron  Microscopy  of the Gland  in 
Conventional  Ultrathin Sections 
We  first  attempted  to  examine  the  effects  of 
various fixatives on the appearance of the intracel- 
lular and intraluminal fibroin. It was revealed that 
these structures appeared  as either homogeneous 
materials with various densities, fine fibrous mate- 
rials, or coarse fibrous materials, depending on the 
fixative solutions used, and that under proper con- 
ditions fibroin was clearly visible. Briefly, the im- 
ages  of  the  luminal  fibroin  were  coarser  when 
fixed with 2.5%  glutaraldehyde  solution in phos- 
phate buffer than in cacodylate or Veronal buffer. 
In  the  same  buffer  series,  fixation  in  the  more 
concentrated buffer solution or with the  addition 
of  sucrose  resulted  in  a  coarse  image  of the  lu- 
minal fibroin. 
For visualization of the contents of the  fibroin 
globules, fixation with 2.5 %  glutaraldehyde in 0.1 
M  Na cacodylate buffer containing 0.25 M sucrose 
and postfixation with 1% OsO4 in the same buffer 
proved  to  be  best (Fig.  1). The  same  procedure, 
however, was not effective for visualization of the 
luminal  fibroin,  since  the  glandular  lumen  ap- 
peared clear and homogeneous except for the oc- 
casional observation of fine fibrous materials -70 
A  in diameter (see  Fig.  2  and inset), 
For visualization of the luminal fibroin, fixation 
with 2.5% glutaraldehyde in 0.2 M  Na cacodylate 
buffer  in  the  presence  of  0.25  M  sucrose  gave 
better results, as shown in Fig. 3, and the luminal 
fibroin appeared as fine fibrous materials as in the 
previous case. The fibroin globules were similar in 
appearance. The contrast of the cytoplasm in gen- 
eral was,  however,  lower in  this case than  in the 
previous one. 
Fibroin  apparently  cannot  be  extensively  ex- 
tracted once fixed with 2.5%  glutaraldehyde  and 
1%  osmium  tetroxide,  because  no change  in  the 
electron  microscope  images  of the  fibroin in  the 
glandular  lumen  and  in  the  fibroin globules  was 
observed when the fixed specimens were  kept for 
up to 10 days in cold 0.1 M  K  phosphate buffer or 
0.1-0.2  M  Na  cacodylate  buffer containing 0.25 
M  sucrose. 
Fig.  2  shows  that  there  is  a  large  number  of 
moderately  dense  granules,  -0.3  /,tm  in  average 
diameter,  which occasionally accumulate  in great 
numbers in the apical cytoplasm. It is certain that 
these are the fibroin globules. 
Similar granules  also  exist deep  in  the  perinu- 
clear and basal cytoplasm (Fig.  1). When the cells 
arc properly sectioned, the granules are aligned in 
a  radial  direction together with microtubules and 
mitochondria. Such an arrangement of the fibroin 
globules will be described in detail in a  following 
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silkworm). Fixed with 2.5% glutaraldehyde in 0.1  M Na cacodylate buffer, pH 7.3, containing 0.25  M 
sucrose for 1 h, and postfixed for 1 h with 1% OsO4 in the same buffer. Fig. 1 shows the perinuclear 
region. Some of the Golgi vacuoles (G) are empty while others are loaded with materials very similar to 
those in the fibroin globules (F). There are intermediate vacuoles (1) between the empty and loaded 
vacuoles, suggesting  that these are condensing vacuoles of the fibroin globules, x  30,000. 
FIGURE  2  Shows apical  cytoplasm and glandular lumen. Note accumulation of a number of the fibroin 
globules (F) in the very apical cytoplasm. In marked contrast to the content of the fibroin globules, that of 
the glandular lumen is quite homogeneous and clear except for some flocculent materials (small arrow). At 
higher magnification (inset) these materials are composed of fine filaments. There are a number of large 
vacuoles  (V)  in  the  apical  cytoplasm.  These  spaces  are  already  extracellular,  probably  formed  by 
successive  fusion of fibroin globules just  before secretion, as  suggested by  Ichikawa  (9).  C,  circular 
microtubule system. LL,  luminal  lamina,  x  14,000.  Inset,  x  37,500. FIGURE  3  Electron micrographs of the apical portion of the posterior silk gland cell, fifth instar, 192 h. 
Fixed with 2.5% glutaraldehyde in 0.2 M Na cacodylate  buffer, pH 7.3, containing 0.25 M sucrose for 1 h 
and postfixed with 1% OsO4 for 1 h. Note the bundles of fine filaments which correspond to the circular 
microtubule system (C). The glandular lumen filled with material of moderate density is partitioned by 
sheets of luminal lamina (LL 1, 2, 3 ) into regions occupied by newly discharged fibroin (NDF), thin layers 
of fibroin (TLF), and columnar fibroin  (CF). Inset shows a magnified view of the luminal  lamina  (LL) 
backed with a denser layer (arrows in Fig. 3 and inset).  ￿  10,000.  Inset,  ￿  100,000. FIGURE 4  Electron micrograph of the apical cytoplasm of the cell in frozen thin section, fifth instar, 192 
h. The thin sections were cut after fixation for 1 h with 0.5% glutaraldehyde in 0.2 M Na cacodylate buffer, 
pH 7.3, containing 0.25 M sucrose and observed without any counterstaining. Note the electron density of 
the thin layers of fibroin (TLF), newly discharged fibroin (NDF) in the glandular lumen, and fibroin 
globules (F) in the cytoplasm. Mv,  microvilli;  LL,  luminal lamina, x  10,000. 
paper?  Fig.  1 also shows that  Golgi bodies are 
composed of minute vesicles, vacuoles, and gran- 
ules.  The  vacuoles  are  empty  except  for  some 
fibrous materials, while the granules contain mod- 
erately  dense  materials  and  are  very  similar in 
appearance and size to the fibroin globules. There 
seem to be all the intermediate appearances (11) 
between the fully loaded granules and empty vacu- 
oles. 
Fig. 3 shows that at the peripheral part of the 
lumen there are several sheets of lamina, 0.1-0.2 
/~m in width, which are not always continuous  and 
are composed of felt-like materials with moderate 
electron density (Fig. 3 and inset). The most pe- 
ripheral lamina (LL 1 ) corresponds to the tunica 
intima, The sheets of lamina usually run parallel to 
the long axis of the gland, thus dividing the periph- 
eral area of the glandular lumen into several thin 
compartments. 
In the central lumen of the gland, fibroin exists 
Sasaki, S., and Y. Tashiro. Submitted for publication. 
as  a  long  homogeneous column  and  is  usually 
termed '~columnar fibroin." Next come thin layers 
of fibroin (TLF). At the most peripheral part of 
the lumen, fibroin exists as large blocks, irregular 
in shape and adapting to the complicated contour 
of the glandular lumen surface. It is suggested that 
such  blocks are  formed  by  fusion of  newly dis- 
charged fibroin (NDF). The newly discharged fi- 
broin and the thin layers of fibroin at the periph- 
eral part of the luminal space may correspond to 
the silk layer described by Akai (2, 3). 
Fig. 3  also  shows that  a  series of cytoplasmic 
processes are  arranged regularly on the  cell sur- 
face  which  contain  bundles  of  fine  filaments. 
These filamentous structures are "a circular micro- 
tubule system," as described in a paper which will 
follow.I 
Electron Microscopy oft  he Gland 
in Frozen  Thin  Sections 
Fig. 4 shows the glandular lumen and the apical 
cytoplasm of the cells. Comparing this figure with 
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cells, fifth instar, 192 h. The columnar fibroin (CF), silk 
layer (arrow), and apical cytoplasm are fluorescent. The 
fluorescent image  is  the  result  of reacting  tissue  with 
fluorescein-labeled antifibroin,  indicating  the  existence 
of fibroin in these regions. ￿  480. 
FIGURES  6  and  7  An  immunoferritin  staining  of fibroin  on  frozen  ultrathin  sections.  The  indirect 
labeling technique (see Materials and Methods) was used for localization of fibroin by ferritin. Fig. 6 shows 
that ferritin particles are exclusively localized on the newly discharged materials. Fig. 7 shows that ferritin 
particles are localized on the denser Golgi vacuoles (arrow) which probably correspond to the condensing 
vacuoles. The localization of ferritin is, however, not so specifc in this case, as the ferritin particles were 
also found diffusely in the cytoplasm. Only a few particles are, however, evident in the nuclear region (N). 
Location of nuclear membrane  is shown by a  dotted line. No,  Nucleolus.  Fig. 6,  x  50.000.  Fig. 7,  ￿ 
60,000. 
654 Fig. 3, we can easily identify the newly discharged 
fibroin blocks and thin layers of fibroin as well as 
the  luminal lamina.  Apical cytoplasm character- 
ized by the existence of microvilli and a number of 
vacuoles loaded with  electron-dense content can 
be seen  adjacent to the  newly discharged fibroin 
blocks. It is likely that the electron-dense vacuolar 
content corresponds to the fibrous materials found 
in  the  fibroin globules. Comparing this material 
with the fibroin in the glandular lumen, we could 
safely assume  that  globule  and  luminal contents 
are  concentrated  to  the  same  extent,  no  heavy 
metal  staining  being  applied  to  the  frozen  thin 
section. 
Immunofluorescence  Microscopy 
The previous sections have been written assum- 
ing that both the Golgi vacuoles and fibroin glob- 
ules in  the  cytoplasm, and  the  newly discharged 
fibroin blocks, the thin layers of fibroin, and the 
central  columnar  fibroin  in  the  lumen  are  com- 
posed of fibroin. To prove this assumption, immu- 
nofluorescence microscopy was carried out. 
Fig. 5 is a fluorescence micrograph of the poste- 
rior  silk  gland,  which  shows  that  the  columnar 
fibroin and the silk layer are fluorescent, indicat- 
ing that they do contain fibroin. The cytoplasm of 
the  cells, particularly the  apical cytoplasm,  was 
also  fluorescent,  suggesting  accumulation  of  fi- 
broin in the  apical cytoplasm. There was a  large 
gap between  the  central fibroin column  and  the 
peripheral silk layer which probably occurred arti- 
ficially during the sampling procedures for micros- 
copy. 
Immuno  ferritin  Electron Microscopy 
of the Posterior Silk  Gland Cells 
For the same purpose, we applied immunoferri- 
tin electron microscopy to the frozen thin sections 
of the posterior silk gland cells. 
As a preliminary experiment, the grids mounted 
with the frozen thin sections were incubated with 
an equimolar mixture of ~3q-labeled rabbit IgG to 
fibroin and  ~z'~I-labeled rabbit normal IgG. It was 
found  that  6.8  times more  ~alI-labeled IgG  was 
bound  to  the  grid  than  the  control  12"I-labeled 
IgG, and thus it seems certain that a  specific im- 
munoreaction is possible between the antigen mol- 
ecules (fibroin) on the thin sections and antibody 
molecules in  the  incubation mixture.  In  the  real 
experiment, the  specific antibody for fibroin was 
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the specificity of the antigen-antibody reaction on 
the grids is better than in the preliminary experi- 
ment. 
Fig. 6 shows newly discharged fibroin blocks in 
the luminal space, on which a  number of ferritin 
particles  are  seen  exclusively  localized.  Fig.  7 
shows the perinuclear region of the cells where the 
nuclear envelope runs from the upper left to the 
lower right corner. The ferritin particles are pre- 
dominant in the cytoplasm and much less numer- 
ous in  the nucleus.  In the cytoplasm, the ferritin 
particles were found to be numerous on the Golgi 
vacuoles with moderate electron density (arrow). 
They  were  also  found  rather  uniformly  on  the 
electron-dense part  of the  cytoplasm, and  there 
was no selective staining of the cisternal space of 
the rough ER. 
Control  frozen  thin  sections which  were incu- 
bated  with  normal  rabbit  IgG  instead  of rabbit 
antibody to fibroin showed that the cytoplasm is, 
in marked contrast to the luminal content, exten- 
sively  extracted  during  incubation  for  immuno- 
electron  microscopy  (not  shown).  This  fact  ex- 
plains why ferritin particles are found exclusively 
localized on  the  newly discharged fibroin  blocks 
but not in the intracisternal space of the rough ER 
in the cytoplasm. 
Preservation of the cytoplasm during the incu- 
bation  procedure  would  be  much  improved if a 
more  concentrated  glutaraldehyde  solution  was 
used. Antigenicity of fibroin is, however, rapidly 
lost by such treatment as described previously (see 
Materials and Methods). Therefore, the immuno- 
peroxidase method which requires a shorter incu- 
bation and less extensive washing was used. 
Immunoperoxidase  Electron Microscopy 
When  the  peroxidase-labeled antibodies were 
applied to  tissue  blocks, only the  surface of the 
newly discharged fibroin blocks and columnar fi- 
broin and very apical cytoplasm were stained, pre- 
sumably  because  the  cells  are  too  large  to  be 
stained  by  the  conventional  diffusion  methods. 
We,  therefore,  used frozen  thin  sections for the 
peroxidase-labeled antibody methods. 
Fig.  8  shows  that  the.  cytoplasm  is  preserved 
quite  well  after incubation  for  30  rain  at  20~ 
Comparing this picture with a control (Fig. 9), it is 
evident that  the  contents of the  fibroin globules 
are positively stained (arrows). The intracisternal 
space of the rough ER, however, showed no depo- 
sition of the peroxidase reaction product. 
DISCUSSION 
In the present work it was revealed that homoge- 
neous  materials  with  slight  electron  density,  or 
fine fibrous materials appear in the glandular lu- 
men, in fibroin globules, and in some of the Golgi 
vacuoles if the  silk gland  is  properly fixed with 
2.5%  glutaraldehyde  in  slightly  hypertonic  salt 
and sucrose solution. It is suggested that fibroin 
molecules exist in these spaces probably in a mo- 
lecularly dispersed state and are not visible if they 
are  fixed  in  this  state.  They  can  be  observed, 
however, as fine or coarse fibrous materials if they 
aggregate during the sampling procedures for elec- 
tron microscopy. Further, the existence of buffer 
salts such as Na cacodylate or K phosphate seems 
to  intensify the  staining with  the  heavy  metals. 
This interpretation provides an explanation for the 
inconsistent and diverse images of the glandular 
and  intracellular fibroin  reported by various au- 
thors (3, 4, 5,  10, 26). 
As pointed out by Christensen (6), it is indeed 
rather surprising that there is sufficient contrast in 
the  frozen  sections of unstained material for the 
structure to be perceived, and the morphology of 
the posterior silk gland cells that can  be seen  in 
these frozen sections was generally similar to that 
seen in conventional sections, except that the con- 
tent of the fibroin globules and the fibroin in the 
glandular  lumen  were  electron  dense  (Fig.  4). 
Since  the  specimens  were  neither  embedded  in 
plastic nor stained with heavy metals, the electron 
density of the  micrographs should reflect the  in- 
trinsic density of the specimens. 
It has been  reported that  the concentration of 
fibroin  in  the  luminal  space  is  -30%  (wt/vol) 
(14). Therefore, it is quite natural that the luminal 
fibroin is observed as an  electron-dense mass in 
the frozen ultrathin sections. The fibroin globules 
contained  similar electron-dense granules  in  the 
frozen  thin  sections;  thus,  it  would  be  assumed 
that  the  concentration  of  fibroin  in  the  fibroin 
globules is also high. On the contrary, the intracis- 
ternal space of the rough ER was always electron- 
transparent, and so fibroin was probably concen- 
trated mainly in the Golgi vacuoles, as in the case 
of the condensing vacuoles in exocrine pancreatic 
cells (1 l, 22). This is supported by the existence of 
the  Golgi vacuoles with  intermediate  density in 
conventional  ultrathin  sections  (Fig,  l).  These 
vacuoles  are  probably  condensing  vacuoles  in 
which  fibroin  is  concentrated  for  intracellular 
transport. 
The present work demonstrated that it is possi- 
656  THE  JOURNAL OF  CELL BIOLOGY" VOLUME 70,  1976 FIGURE  8  An immunoperoxidase staining of fibroin on a frozen thin section of the cell. The granules in 
the fibroin globules show positive staining (arrows). N, nucleus; No, nucleolus,  x  20,000. 
FlouaE  9  A  control  electron  micrograph  for  Fig.  8.  The  frozen  thin  section  was  incubated  with 
peroxidase conjugated normal rabbit Fab. N, nucleus; No, nucleolus; G,  Golgi bodies.  ￿  21,000. 
657 ble to identify rather positively the secretory gran- 
ules of fibroin or fibroin globules in conventional 
ultrathin  sections.  It is also  apparent  that  empty 
vacuoles  exist  in  the  Golgi  bodies  and  usually 
contain  a  small  amount of coarse fibrous materi- 
als.  It is not clear whether all of the empty vacu- 
oles are immature condensing vacuoles for fibroin 
or whether some of them have completely differ- 
ent functions. In fact, acid phosphatase  reaction is 
positive in some of the  Golgi vacuoles," and  it is 
suggested that they are engaged in the condensa- 
tion and packing of lysosomal enzymes. 
Immunofluorescence  and  immunoferritin  elec- 
tron  microscopy  have  confirmed  that  the  newly 
discharged  materials  in  the  glandular  lumen  do 
contain  fibroin.  Localization  of fibroin  in  the  fi- 
broin  globules  and  in  the  Golgi  vacuoles  was, 
however, not so successful. 
The  peroxidase-labeled  antibody  method  was 
therefore applied, and it was shown that fibroin is 
also localized in the fibroin globules.  Immunope- 
roxidase  electron microscopy,  however,  failed to 
demonstrate  the  existence of fibroin in  the  intra- 
cisternal  space  of the  rough  ER.  The  fibroin  in 
that space  is presumably  lost during ultrathin sec- 
tioning  procedures  and/or  during  incubation  for 
immunoelectron  microscopy.  The  amino  acid 
composition  of  fibroin  is  so  peculiar  that  dilute 
fibroin  could  not  be  fixed  effectively  with  the 
0.5%  glutaraldehyde  fixatives used in the present 
work;  more  than  90%  of the  amino  acids  in  fi- 
broin are glycine, serine, alanine, and tyrosine in a 
molar ratio of 44.5%, 29.3%,  12.1%, and 5.2%, 
respectively (14). Another possibility is that, anti- 
genically, the fibroin in the rough ER cisternae is 
not equivalent to that in the Golgi vacuoles, glob- 
ules, or lumen. 
The  radioautographic  studies  of Akai  (1)  sug- 
gested  the  existence  of a  nonuniform  flow of fi- 
broin in the glandular lumen, fibroin in the central 
column flowing 10 times faster than fibroin in the 
peripheral  layer.  Such a  laminar flow would pre- 
sumably require the existence of several layers of 
luminal  lamina,  which  probably  protect  against 
the  intermixing of central and  peripheral  fibroin. 
The silk glands of Bombyx mori are ectodermal 
in origin and it is natural that their inner surface be 
covered  by  tunica  intima  which  probably  corre- 
sponds  to the cuticle layer of the integument.  At 
the  later  stage  of the  fifth  instar  when  fibroin  is 
2 Tashiro, Y., T. Shimadzu, and S. Matsuura. Submitted 
for publication. 
secreted  extensively, the  intima  seems  to  detach 
itself continuously  and  to  be  converted  into  the 
luminal lamina. 
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